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The present invention relates to a method of oil removal and transport comprising the steps of: absorbing the oil into a bulk material, 
the bulk material having an inlet region and an outlet region, by passing the oil into the inlet region of the bulk material through a membrane; 
and removing the oil from the outlet region of the bulk material; wherein the membrane has an average pore size not greater than 100 
micrometers so that the oil is continuously transported through the membrane into the inlet region of the bulk material and continuously 
removed from the outlet region of the bulk material into a reservoir. Tbe invention also relates to an oil removal and transport device 
suitable for use in the method. 
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METHOD FOR OIL REMOVAL AND TRANSPORT. AND DEVICE FOR OIL 
5 ReWI QV AU ANP TRANSPORT 


10 

FIELD OF THE INVENTION 

The present invention relates to a method and device for removing oil, for 
15 example removing oil spills either from hard surfaces or from floating on a body 
of water, by both absorbing and transporting the oil, optionally via a pump, to a 
holding tank or reservoir. 

US-A-5 834 385. issued on November 10** 1998. discloses a nonwoven 
20 hydrophobic web which encases an absorbent core, the whole article being of 
use to dear up oil spills. Pore sizes of the nonwoven hydrophobic web are not 
disclosed. 

US-A-5 885 451, issued on March 23"*. 1999. discloses a fibrous sf/jj^ 
25 (fabric, paper, sponge, sheet or film) which is impregnated or coated with 
oleophylic. hydrophobic composition. The fibrous materialjife-used to absorb oil 
which may then be wrung out of the material in order to recover the oil for 
storage, for example on board a ship, so that the material can then be reused. 
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Both of these prior art oil absorbent articles are designed to absorb oil. for 
example from a spill, and when saturated with oil. the absorbent article is 
removed from the oil source or spill, and either simply discarded or destroyed, 
e.g. by burning, or else the oil is squeezed out of the apparatus so that the 
5 apparatus might be reused and/or so that the oil might be recovered. Squeezing 
the oil out of the apparatus, such as illustrated in Figure 14 of US-A-5 885 451 . is 
a cumbersome, time-consuming and expensive operation. 

It is an object of the present invention to remove oil from an oil source or 
10 spill by continuously extracting the oil from the oil source or spill and transporting 
it to a holding reservoir or tank. Such a process would be much more economical 
than the prior art processes of removing the oil from the saturated absorbent 
article, and would enable much quicker removal of oil. Quick removal of the oil is 
a very important factor especially in the case of oil spillage at sea or in a port 
15 following an emergency such as an oil discharge from an oil tanker. In recent 
years such discharges, especially accidents involving oil tankers at sea, have 
had a detrimental effect on the maritime environment and wildlife, and attempts 
to clean up such discharges have been very expensive and only partially 
successful. 

20 

One aspect of the present invention provides a method comprising the 
steps at absorbing the oil into a bulk material, the bulk material having an inlet 
region and an outlet region, by passing the oil into the inlet region of the bulk 
material through a membrane; and removing the oil from the outlet region of the 
25 bulk material. A second aspect of the present invention provides an oil removal 
and fransport device comprising a bulk material, the bulk material comprising an 
inlet region and an outlet region. 


30 


SUMMARY OF THE INVENTION 
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The method of the present invention uses a membrane having an average 
pore size not greater than 100 micrometers so that the oil is continuously 
transported through the membrane into the inlet region of the bulk material and 
5 continuously removed from the outlet region of the bulk material into a reservoir. 

The device of the present invention comprises a reservoir which is in liquid 
communication with the outlet region and the device further comprises a 
membrane henmetically sealed to or about the inlet region, the membrane being 
10 liquid pemieable and having an average pore size not greater than 100 
micrometers. 

Preferably the membrane is oleophylic and has a bubble point pressure of 
at least IkPa. preferably from 2kPa to lOOkPa. and more preferably from 8kPa to 
15 SOkPa. when measured at ambient temperature and pressure using 0.03% 
solution of Triton X-100 in distilled water as the standard test liquid. 

DETAILED DESCRIPTION OF THE INVENTION 

20 

The method and deyice of the present invention work on the principle of a 
"closed distribution system". By "closed distribution system" it is meant herein 
that a membrane is saturated (e.g. with oil or oil and water mixture) and that air is 
prevented from entering the system even under vacuum, provkled the vacuum 

25 pressure does not exceed the bubble point pressure of the membrane. Liquid 
can then be drawn across the membrane into the closed distribution system, and 
then rapidly transported to a outlet port where the liquid is continuously removed 
from the system. In the dosed distribution system the vacuum can be maintained 
at the same time as liquid is being drawn into the system in an Inlet region and 

30 expelled from the system at an outlet region. The effect of the vacuum is that the 
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4 

liquid can be transported across the membrane and through the bulk material 
much faster than in prior art processes. Furthenmore the method of the invention 
is a continuous process. 

5 The term "hermetically sealed" as used herein means that a gas (especially 

air) can neither pass from the outside environment to the inside of the reservoir 
or liquid conduit; nor from the inside of the reservoir or liquid conduit to the 
outside environment, when the membrane is saturated with liquid as long as the 
pressure differential across the membrane does not exceed the bubble point 

0 pressure. In particular the seal between membrane and the liquid conduit 
prevents the device from leakage of gas across the sealed region. 

The membrane has an average pore size of no more than 100 micrometers, 
preferably no more than 50 micrometers, more preferably no more than 10 
5 micrometers, and most preferably of between 5 micrometers and 50 
micrometers. It is further preferred that the pore size distribution is such that 95% 
of the pores have a size of no more than 100 micrometers and preferably no 
more than 50 micrometers. 

[) The membrane preferably has an average thickness of no more than 100 

micrometers, preferably no more than 10 micrometers, and most preferably of no 
more than 5 micrometers. 

The term "oleophilic" as used herein refers to materials having a receding 
5 contact angle for the oily liquid to be transported less than 90 degrees, preferably 
less than 70 degrees, more preferably less than 50 degrees, even more 
preferably less than 20 degrees, and most preferably less than 10 degrees. 

The tenm "liquid conduiT as used herein refers to any suitable pipe or tube 
D or any other geometric structure acting as means for liquid transport. The liquid 
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conduit may have flexible walls (e.g. polypropylene tube), or may have inflexible 
walls (e.g. glass tube). 

In one aspect, the present invention is concerned with a liquid transfer 
5 device which is based upon direct suction rather than on capillarity. Therein, the 
liquid is transported through a region into which substantially no air (or other gas) 
should enter (at all. or at least not in a significant amount). The driving force for 
liquid flowing through such a device can be created by a liquid sink or liquid 
source in liquid communication with the transport device, either extemally or 

10 intemally. The direct suction is maintained by ensuring that substantially no air or 
gas enters the liquid transport device during transport. This means that the 
membrane should be substantially air impermeable up to a certain pressure, 
namely the bubble point pressure. Thus, a liquid transport device must have a 
certain liquid permeability. A higher liquid permeability provides less flow 

15 resistance, and thus is preferred from this point of view. 

However, for conventional porous liquid transport materials, those materials 
that function based on capillary transport mechanisms (also referred to herein as 
"bulk materials"), liquid transport Is generally controlled by the Interaction of pore 

20 size and permeability, such that open, highly permeable structures will generally 
be comprised of relatively large pores. These large pores provide highly 
permeable structures, however these structures have very limited wicking heights 
for a given set of respective surface energies, I.e., a given combination of type of 
material and liquids. Pore size can also affect liquid retention under normal use 

25 conditions. 

in contrast to such conventional capillary governed mechanisms, in the 
present invention, these conventional limitations have been overcome, as it has 
been surprisingly found that materials exhibiting a relatively lower pemieability 
30 (e.g. "membrane") can be combined with material exhibiting a relatively higher 
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permeability (e.g. "bulk materials"), and the combination provides significant 
synergistic effects. 

In particular, it has been found that when a highly liquid permeable material 
5 having large pores filled with liquid is surrounded by a material having essentially 
no air permeability up to a certain pressure, the bubble point pressure, but having 
also relatively low liquid pemieability, the combined liquid transport device will 
have a high liquid pemneability and a high bubble point pressure at the same 
time, thus allowing very fast liquid transport even against extemal pressure. 

10 

In a particular aspect of the present invention, a siphon effect is used to 
transport liquid to the point of end-use. The liquid conduit is kept substantially full 
of liquid, and the membrane is saturated. Liquid can pass through the 
membrane, either into or out of the device, but air is prevented from entering the 

15 siphon because air cannot pass across the saturated membrane. In this way the 
siphon effect is maintained. The driving pressure to move liquid along the siphon 
can be obtained via a variety of mechanisms. For example, if the inlet is at a 
higher position than the outlet, gravity will generate a hydrostatic pressure 
difference generating liquid flow through the system. Altematively, if the outlet 

20 port is higher than the Inlet port, and the liquid has to be transported against 
gravity, the Ikjuid will ftow through this siphon only if an extemal pressure 
differenca larger than the hydrostatic pressure difference is applied. For example, 
a pump, such as a peristaltic pump, could generate enough suction or pressure 
to move liqukl through this siphon. Thus, liquid flow through a siphon or pipe is 

25 caused by an overall pressure difference between its inlet and outlet port region. 
This can be described by well known models, such as expressed in the Bemoulli 
equation. 

Altematively absorbent materials such as an absori^ent gelling material or a 
30 capillary material may be used to create the driving pressure. 
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Bulk material 

5 A key requirement for the bulk region is to have a low average flow 

resistance, such as expressed by having a pemneability k of at least 10'^^ m^. 
preferably more than lO"^ m^. more preferably more than 10^ m^ and most 
preferably more than 10"* ml One important means to achieve such high 
pemieabilities for the bulk materials can be achieved by utilizing material 

10 providing relatively high porosity. Such a porosity, which is commonly defined as 
the ratio of the volume of the materials that makes up the porous materials to the 
total volume of the porous materials, and as determined via density 
measurements commonly known, should be at least 50%, preferably at least 
80%. more preferably at least 90%. or even exceeding 98%. or 99%. In the 

15 extreme of the bulk material essentially consisting of a single pore, void space, 
the porosity approaches or even reaches 100%. 

The bulk material can have pores, which are larger than about 200 urn. 500 
^im, 1 mm or even 9 mm in diameter or more. Such pores may be smaller prior to 

20 the fluid transport, such that the bulk material may have a smaller volume, and 
expand just prior or at the liquid contact Preferably, If such pores are 
compressed or collapsed, they should be able to expand by a volumetric 
expansion ^ctor of at least 5. preferably more than 10. Such an expansion can 
be achieved by materials having an elastic modulus of more than the external 

25 pressure which, however, must be smaller than the bubble point pressure. High 
porosities can be achieved by a number of materials, well known in the art as 
such. For example fibrous members can readily achieve such porosity values. 
Non-limrting examples for such fibrous materials that can be comprised in the 
bulk region are high-loft non-wovens, e.g., made from polyolefin or polyester 

30 fibers as used in the hygienic article field, or car industry, or for upholstery or 
HVAC industry. Other examples comprise fiber webs made from cellulosic fibers. 
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Such porosities can further be achieved by porous, open celled foam 
structures, such as, without intending any limitation, for example polyurethane 
reticulated foams, cellulose sponges, or open cell foams as made by the High 

5 Internal Phase Emulsion Polymerization process (HIPE foams), all well known 
from a variety of industrial applications such as filtering technology, upholstery, 
hygiene and so on. Such porosities can be achieved by wall regions which 
circumscribe voids defining the bulk material, such as exemplified by pipes. 
Alternatively, several smaller pipes can be bundled. Such porosities can further 

10 be achieved by "space holders", such as springs, spacer, particulate material, 
comigated structures and the like. The bulk material pore sizes or permeabilities 
can be homogeneous throughout the bulk material, or can be inhomogeneous. 

It is not necessary, that the high porosity of the bulk material is maintained 
15 throughout all stages between manufacture and use of the liquid transport 
device, but the voids within the bulk material can be created shortly before or 
during its intended use. For example, bellow like structures held together by 
suitable means can be activated by a user, and during its expansion, the liquid 
penetrates through a port region into the expanding bulk material, thereby filling 
20 the transport device completely or at least sufficiently to not hinder the liquid flow, 
Altematively, open celled foam materials, such as described in (US-A-5 563 179 
or US-A-5 387 207) have the tendency to collapse upon removal of Tiquid. and 
the ab^ to re-expand upon re-wetting. Thus, such foams can be transported 
from the manufacturing site to the user in a relatively dry. and hence thin (or low- 
25 volume), and only upon contact with the source liquid increase their volume so 
as to satisfy the void permeability requirements. 

The bulk material can have various fomis or shapes. The bulk material can 
be cylindrical, ellipsoidal, sheet like, stripe like, or can have any irregular shape. 
30 The bulk material can have constant cross-sectional area, with constant or 
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varying cross-sectional shape, like rectangular, triangular, circular, elliptical, or 
irregular. A cross-sectional area is defined for the use herein as a cross-section 
of the bulk material, prior to addition of source liquid, when measured in the 
plane perpendicular to the flow path of the transport liquid, and this definition will 
5 be used to detemiine the average bulk material cross-sectional area by 
averaging the individual cross-sectional areas all over the flow path(s). 

The absolute size of the bulk material should be selected to suitably match 
the geometric requirements of the intended use. Generally, it will be desirable to 

10 have the minimum dimension for the intended use. The benefit of the designs 
according to the present invention is to allow much smaller cross-sectional areas 
than conventional materials. The dimensions of the bulk material are detemnined 
by the permeability of said bulk material, which can be very high, due to possible 
large pores, as the bulk material does not have to be designed under the 

15 contradicting requirements of high flux (i.e. large pores) and high vertical liquid 
transport (i.e. small pores). Such large permeabilities allow much smaller cross- 
sections, and hence very different designs. 

Also the length of the bulk material can be significantly larger than for 
20 conventional systems, as also with regard to this parameter the novel transport 
device can bridge longer distances and also greater vertical liquid transport 
heights: 

The bulk material can be essentially non-defonmable, i.e. maintains its 
25 shape, fomn. volume under the nomnal conditions of the intended use. However, 
in many uses, it will be desirable, that the bulk material allows the complete 
device to remain soft and pliable. The bulk material can change its shape, such 
as under defomning forces or pressures during use, or under the influence of the 
fluid itself. The defomiability or absence thereof can be achieved by selection of 
30 one or more materials as the bulk material (such as a fibrous member), or can be 
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essentially determined by the circumscribing regions, such as by the wall regions 
of the transport device. One such approach is to utilize elastomeric materials as 
the wall material. 

5 The voids of the bulk material can be confined by wall regions only, or the 

bulk material can comprise internal separations therein. If. for example, the bulk 
material is made up of parallel pipes, with impermeable cylindrical walls, these 
would be considered to be such internal separations, thereby possibly creating 
pores which are unitary with the inner, hollow opening of the pipes, and possibly 

10 other pores created by the interstitial spaces between the pipes. If, as a further 
example, the bulk material comprises a fibrous structure, the fiber material can 
be considered to fomn such internal separations. 

The internal separations of the bulk material can have surface energies 
15 adapted to the transported liqukl. For example, in order to ease wetting and/or 
transport of oily liquids, the separations or parts thereof can be oleo- or lipophilic. 

The confining separations of the bulk material may further comprise 
materials which significantly change their properties upon wetting, or which even 

20 may dissolve upon wetting. Thus, the bulk material may comprise an open cell 
foam material having a relatively small pore at least partially being made of 
soluble material, such as poiyvinytalcohol or the like. The small porosity can draw 
in Iquid at the initial phase of Ikjuid transport, and then rapidly dissolve so as to 
then leave large voids filled with liquid. Altematively, such materials may fill larger 

25 pores, completely or partially. For example, the bulk material can comprise 
soluble materials, such as poly(vinyl) alcohol or poly(vinyl) acetate. Such 
materials can fill the voids, or support a collapsed state of the voids before the 
device is contacted with liqukl. Upon contact with liquid, such as oil or water, 
these materials may dissolve and thereby create empty or expanded voids. 

30 
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mechanically expanding elements, such as springs or which can open void space 
in the stoicture if the expansion direction is oriented such that the appropriate 
pore size is also oriented along the flow path direction. Such materials are well 
known in the art, and for example disclosed in US-A-5 563 179, US-A-5 387 207, 
5 US-A-5 632 737 all relating to HIRE foam materials, or in US-A-5 674 917 
relating to absoriDent foams, or in EP-A-0 340 763. relating to highly porous 
fibrous structures or sheets, such as made from PET fibers. Other materials 
having relatively large pores are highloft non-woven, filter materials as open cell 
foams from Recticel in Brussel. Belgium such as Bulpren. Filtren (Filtren TM10 

10 blue. Filtren TM20 blue. Filtren TM30 blue, Filtren Firend 10 black. Filtren Firend 
30 black, Filtren HC 20 grey. Filtren Firend HC 30 grex, Bulpren S10 black. 
Bulpren S20 black, Bulpren 830 black). Another material having relatively large 
pores, even though the porosity is not particulariy high, Is sand with particles 
larger than 1 mm. speciftcaliy sand with particles larger than 5 mm Such fibrous 

15 or other materials may , for example become very useful by being corrugated, 
however, excessive compression should be avoided. Excessive compression can 
result in a non-homogeneous pore size distribution with small pores within the 
web, and insufficiently open pores between the conxigations. 

20 

Membrane 

The temn "membrane" as used herein is generally defined as a material or 
region that is penmeable for liqukl, gas or a suspension of particles in a liquid or 

25 gas. The membrane may for example comprise a microporous region to provide 
liquid pemneability through the capilliaries. Once wetted, however, gases (e.g. 
air) will essentially not pass through the membrane if the driving pressure is 
l>elow a threshold pressure commonly referred to as "bubble point pressure". 
Oleophilic microporous membranes will transport oil or oil- based liquids. A 

3D hydrophobic but oleophilic microporous membrane will therefore be pemneable 
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for oil but not for water and can be used to transport oil. or to separate oil and 
water. This property is particulariy useful for cleaning oil spills from bodies of 
water such as lakes or open sea. 

5 Membranes are often produced as thin sheets, and they can be used alone 

or in combination with a support layer (e.g. a nonwoven) or in a support element 
(e.g. a spiral holder). Other fomis of membranes include but are not limited to 
polymeric thin layers directly coated onto another material, bags corrugated 
sheets. 

10 

Further known membranes are "activatable" or "switchable" membranes 
that can change their properties after activation or in response to a stimulus. This 
change in properties might be pemnanent or reversible depending on the specific 
use. For example, a hydrophobic microporous layer may be coated with a thin 
15 dissolvable layer e.g. made from poly(vinyl)alcohol. Such a double layer system 
will be impenneable to gas. However, once wetted and the poly(vinyl)alcohol film 
has been dissolved, the system will be pemieable for gas but still impemieable 
for liquid. 

20 Another useful membrane parameter is the pemieability to thickness ratio, 

which in the context of the present invention is referred to as "membrane 
conductivity". This reflects the fact that, for a given driving force, the amount of 
liquid penetrating through a material such as a membrane is on one side 
proportional to the pemieability of the material, i.e. the higher the permeability, 

25 the more liquki will penetrate, and on the other side inversely proportional to the 
thickness of the material. Hence, a material having a lower pemieability 
compared to the same material having a decrease In thickness, shows that 
thickness can compensate for this permeability deficiency (when regarding high 
rates as being desirable). Typical k/d for an oil (or grease) transport or separation 

30 device according to the present invention is from about 1x10 ® to about 500 x 10 
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^ m, preferably from about 100 x 10 ^ to about 500 x 10"^ m. Preferably the k/d is 
at least 1x10^ and more preferably at least 1x10'^ m. 

For a porous membrane to be functional once wetted (permeable for liquid, 
5 not-penneable for air), at least a continuous layer of pores of the membrane 
always need to be filled with liquid and not with gas or air. Therefore either the 
device needs to be kept in contact with liquid or evaporation of the liquid from the 
membrane pores must be minimized, either by a decrease of the vapour 
pressure in the liquid or by an increase in the vapour pressure of the air. 

10 

As noted hereinabove the method and device of the present invention is 
particularly useful for cleaning oil spills from bodies of water such as lakes or 
open sea. It is highly desirable to separate, as completely as possible, the oil 
from the water so that subsequent treatment and disposal can be earned out on 
15 a smaller volume of highly oil-rich liquid, rather than a comparatively large 
volume of a dilute oil and water mixture. In a most preferred embodiment of the 
present invention the device effectively separates oil from water, for example, by 
selection of a suitable oleophilic and hydrophobic membrane. 

20 

Test method: Bubble Point Pressure fmembranp^ 

The following procedure applies when it is desired to asses the bubble point 
pressure of a membrane. 

25 

First, the membrane material is connected with a plastic funnel (available 
from Fischer Scientific in Nidderau. Gemiany, catalog number 625 617 20) and a 
length of tube. The funnel and the tube are connected in an air tight way. Sealing 
can be made with Parafilm M (available from Fischer Scientific In Nidderau, 
30 Gennany, catalog number 617 800 02). A circular piece of membrane material, 
slightly larger than the open area of the funnel, is sealed in an air tight way with 
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the funnel. Sealing is made with suitable adhesive^ e.g. Pattex from Henkel KGA, 
Gemiany). The lower end of the tube is left open i.e. not covered by a membrane 
material. The tube should be of sufficient length, i.e. up to 10m length may be 
required. 

5 

In case the test material is very thin, or fragile, it can be appropriate to 
support it by a very open support structure (as e.g. a layer of open pore non- 
woven material) before connecting it with the funnel and the tube. In case the 
test specimen is not of sufficient size, the funnel may be replaced by a smaller 
10 one (e.g. Catalog # 625 616 02 from Fisher Scientific in Nidderau). If the test 
specimen is too large size, a representative piece can be cut out so as to fit the 
funnel. 

The testing liquid can be the transported liquid (i.e. oil or grease), but for 
15 ease of comparison, the testing liquid should a solution 0.03% TRITON X-100. 
such as available from MERCK KGaA, DanDStadt, Gemiany, under the catalog 
number 1.08603, in distilled or deionized water, thus resulting in a suri^ace 
tension of 33 mN/m. 

20 Whilst keeping the lower (open) end of the funnel within the liquid in the 

reservoir, the part of the funnel with the membrane is taken out of the liquid. If 
appropriate, but not necessarily, the funnel with the membrane material should 
remain horizontally aligned. 

25 Whilst slowly continuing to raise the membrane above the reservoir, the 

height is monitored, and it is carefully obsen/ed through the funnel or through the 
membrane itself (optionally aided by appropriate lighting) if air bubbles start to 
enter through the material into the inner of the funnel. At this point, the height 
above the resen^oir is registered to be the bubble point height. 

30 
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From this height H the Bubble point pressure BPP is calculated as: 
BPP = p g' H with the liquid density p, gravity constant q{g^ 9.81 m/s^). 

In particular for bubble point pressures exceeding about 50kPa, an 
5 alternative detennination can be used, such as commonly used for assessing 
bubble point pressures for membranes used in filtration systems. Therein, the 
membrane is separating two liquid filled chambers, when one is set under an 
increased gas pressure (such as an air pressure), and the point is registered 
when the first air bubbles "break through". 

10 

Detennination of Pore Size 

Optical determination of pore size is especially used for thin layers of 
15 porous system by using standard image analysis procedures know to the skilled 
person. 

The principle of the method consists of the following steps: 1) A thin layer of 
the sample material is prepared by either slicing a thick sample into thinner 

20 sheets or if the sample itself is thin by using it directly. The tenm "thin" refers to 
achieving a sample caliper low enough to allow a clear cross-section image 
under the microscope. Typical sample calipers are below 200pm. 2) A 
microscopic image is obtained via a video microscope using the appropriate 
magnification. Best results are obtained if about 10 to 100 pores are visible on 

25 said image. The image is then digitized by a standard image analysis package 
such as OPTIMAS by BioScan Corp. which runs under Windows 95 on a typical 
IBM compatible PC. Frame grabber of sufficient pixel resolution (preferred at 
least 1024 x 1024 pixels) should be used to obtain good results. 3) The image is 
converted to a binary image using an appropriate threshold level such that the 

30 pores visible on the image are mari<ed as object areas in white and the rest 
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remains black. Automatic threshold setting procedures such as available under 
OPTIMAS can be used. 4) The areas of the individual pores (objects) are 
detemiined. OPTIMAS offers fully automatic determination of the areas. 5) The 
equivalent radius for each pore is detemiined by a circle that would have the 
5 same area as the pore. If A is the area of the pore, then the equivalent radius is 
given by r=(A/7i)''2. The average pore size can then be detemiined from the pore 
size distribution using standard statistical mles. For materials that have a not 
very uniform pore size it is recommended to use at least 3 samples for the 
detemiination. 

10 

Optionally commercially available test equipment such as a Capillary Flow 
Porometer with a pressure range of 0-1380kPa (0-200psi), such as supplied by 
Porous Materials, Inc, Ithaca, New York. US model no. CFP-1200AEXI. such as 
further described in respective user manual of 2/97, can also be used to 
15 determine bubble point pressure, pore size and pore size distribution. 


PetenninationofOf^llpfir 

20 The caliper of the wet sample is measured (if necessary after a stabilization 

time of 30 seconds) under the desired compression pressure for which the 
experiment will be run by using a conventional caliper gauge (such as supplied 
by AMES, Waltham, MASS, US) having a pressure foot diameter of 1 1/8 " 
(about 2.86 cm), exerting a pressure of 0.2 psi (about 1.4kPa) on the sample, 

25 unless othenvise desired. 


Determination of permeab ilitv and conductivity 
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Permeability and conductivity are conveniently measured on commercially 
available test equipment 

For example, equipment is commercially available as a Penneameter such 
5 as supplied by Porous Materials. Inc. Ithaca. New York. US under the 
designation PMI Liquid Pemieameter. This equipment includes two Stainless 
Steel Frits as porous screens, also specified in said brochure. The equipment 
consists of the sample cell, inlet reservoir, outlet reservoir, and waste reservoir 
and respective filling and emptying valves and connections, an electronic scale, 
10 and a computerized monitoring and valve control unit. A detailed explanation of a 
suitable test method using this equipment is also given in the applicants co- 
pending application PCT/US98/13497. filed on 29*^ June 1998 (attorney docket 
na CM1841FQ), 

15 

Hydrostatic Head 

In this test an adjustable head of distilled water on the top side of a 
membrane having an area of about 64 cm^ Is increased until visible water 
20 appears on the opposite side of the sample. The hydrostatic head where water 
first appears to transfer through the sample is recorded as the hydrostatic head 
for that sampte. 

A test specimen is cut to about 10 cm by 10 cm and placed over a sample 
plate having dimensions of about of 10 cm by 10 cm with a centered 0-ring seal 
25 having a dianneter of about 8 cm. The sample plate has a centered opening 
having a diameter of about 7.6 cm to allow observation of the bottom side of the 
sample during the test. The sample plate is carefully positioned under a 7.6 cm 
inner diameter Perspex column that Is about 1 m tall, with a mounting flange so 
as to conveniently allow tightening of the sample plate canying the sample 
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underneath by means of screws. Optionally, a miaor may be positioned under 
the opening in the sample plate to ease the observation. 

The cylinder has an sideways oriented opening with a diameter of about 1 
cm to allow connection with a pump. The opening enters the column about 1 cm 
5 above where the sample is mounted. Optionally, a three-way-valve can be 
mounted in this connection to allow easier emptying of the column after the test. 

The pump is set to raise the liquid head in the cylinder to a height of 25.4 
cm within 60±2 seconds after the pump is tumed on. 

After starting of the pump the condition of the bottom surface of the test 
10 specimen is monitored. When the first drop falls off the test specimen, the pump 
is immediately stopped, and the height in the column is recorded in millimeters. 

For each material, five tests should be repeated and the results should be 
averaged. 

15 

Examples 
Example 1 

20 A membrane is hemrtetically sealed over the wide end of a laboratory glass 

funnel. The narrow end of a funnel is connected to a pipe which, in tum was 
connected to the inlet side of a pump. Suitable pipe is Tygon Vacuum R-3603 
from Norton Perfomnance Plastic Corp. of Akron, Ohio, having an Intemal 
diameter of 7 mm and a length of about 30 cm. The pump is a liquid metering 

25 pump, digital pump no. G-07523-20 having easy load pump head no. G*0751B- 
02 from Cole Panner instrument Co. of Illinois, USA. The membrane is made 
from polyamide, has an average pore size of 20 micrometers, an open area of 
14%. a caliper of 55 micrometers and is manufactured by Se^r Inc., of 
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Ruschlikon, Switzerland, number 03-20/14. The funnel and the pipe is filled with 
a polyurethane foam, manufactured by Reticel of Wetteren. Belgium, under the 
trade name TM 10, having 10 pores per inch. The tube and funnel are filled with 
vegetable oil having a surface tension of 33 mNm"^ and a viscosity of 65 mPa.s. 

5 

Example 2 

The previous example is repeated with the membrane being replaced by a 
10 polyamide membrane having an average pore size of 100 micrometers, an open 
area of 47%, and a caliper of 78 micrometers. The membrane is manufactured 
by Sefar Inc.. of Ruschlikon, Switzerland, number 03-100/47. 

15 Example 3 

The previous example is repeated with the membrane being replaced by a 
polypropylene membrane having an average pore size of 75 micrometers, an 
open area of 21%, and a caliper of 195 micrometers. The membrane is 
20 manufactured by Sefar Inc.. of Ruschlikon. Switzerland, number 05-75/21. This 
execution was found to be particularly easy to activate and to remain stable. 

Example 4 

25 

The membrane of Example 1 was replaced by a membrane made of a 
similar material which is coated with silicon to make it hydrophobic. The pump 
rate is adjusted so that the device absorbs oil selectively, rather than water. 
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In each of Examples 1 to 4 the device is used to rapidly remove oil either 
from a hard surface, or oil which is floating on the surface of water. 
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CLAIMS 

5 

1 . A method of oil removal and transport comprising the steps of: 
absorbing the oil into a bulk material, the bulk material having an inlet 
region and an outlet region, by passing the oil into the inlet region of the 
bulk material through a membrane; and 

10 removing the oil from the outlet region of the bulk material; 

characterised in that the membrane has an average pore size not greater 
than 100 micrometers so that the oil is continuously transported through the 
membrane into the inlet region of the bulk material and continuously 
removed from the outlet region of the bulk material into a reservoir. 

15 

2. A method according to claim 1 wherein the membrane is oleophylic and the 
membrane has a bubble point pressure of at least 1 kPa, when measured 
at ambient temperature and pressure using 0.03% solution of Triton X-100 
in distilled water as the standard test liquid. 

20 

3. A method according to claim 2 wherein the membrane has a bubble point 
pressure of from 8 to 60 kPa. 

4. A method according to any of the previous claims wherein the bulk material 
25 is substantially geometrically saturated with a first liquid prior to use, 

preferably the first liqukl is oil. 


5. 


A method according to any of claims 1 to 4 wherein the oil is continuously 
transported from the inlet region to the outlet region of the bulk material by 
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means of a vacuum so that a pressure differential is maintained across the 
membrane. 

6. A method according to claim 2 wherein the membrane is oleophilic and 
hydrophobic so that oil is selectively transported through the membrane and 
wherein the oil is substantially separated from water. 


7. A method according to claim 6 wherein the driving pressure across the 
membrane is smaller than the hydrophobic breakthrough pressure for 
10 water. 


8. An oil removal and transport device comprising a bulk material, the bulk 
material comprising an inlet region and an outlet region^ characterised in 
that the device comprises a reservoir which is in liquid communication with 
15 the outlet region, and the device further comprises a membrane 

hermetically sealed to or about the inlet region, the membrane being liquid 
pemneable and having an average pore size not greater than 100 
micrometers. 


20 9. An oil removal and transport device according to claim 8 wherein the 
membrane is oleophylic and has a bubble point pressure of at least 1 kPa, 
vtrtien measured at ambient temperature and pressure using 0.03% solution 
of Triton X-100 in distilled water as the standard test liquid. 

25 10. An oil removal and transport device according to claim 9 wherein the 
membrane has a bubble point pressure of from 8 to 50 kPa. 

11. An oil removal and transfer device according to claim 8 wherein the 
membrane has a membrane conductivity (k/d) of at least 1x10'^ m. 

30 
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12. An oil removal and transfer device according to claim 11 wherein the 
membrane has a membrane conductivity (k/d) of from 1x10® to 300 x 10 * 
m, preferably at least 1 x 10 ^ and more preferably at least 1x10 * m. 

13. An oil removal and transport device according to any of claims 8 to 12 
wherein the device further comprises a pump to transport the oil 
continuously into the reservoir, preferably the pump is a peristaltic pump. 

14. A oil removal and transport device according to any of claims 8 to 12 
wherein the driving force to transport the oil is provided by an absorbent 
gelling material or a capillary material. 


INTERNATIONAL SEARCH REPORT 


inter'- luonal Application No 

PC. /US 99/14644 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 E02B15/04 C09K3/32 B01D61/00 B01D17/022 


According to Internationa) Patent Classification (IPC) or to twth national classification and IPC 


B. REU)S SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 E02B C09K BOID 


Documentation searched other than minimum documentation to ttie extent that such documents are included in the fields searched 


Electronic data t>ase consulted during the international search (name of data base and, wtwre practical, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category ' Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


DE 195 38 014 A (HICROOYN MOOULBAU GMBH & 
CO KG) 17 April 1997 (1997-04-17) 
the whole document 

US 5 385 672 A (PETERSON ERIC S ET AL) 
31 January 1995 (1995-01-31) 
the whole document 

US 4 172 039 A (AKIYAMA TAKEG) 
23 October 1979 (1979-10-23) 
the whole document 

US 4 057 498 A (VIDILLES JACQUES) 
8 November 1977 (1977-11-08) 
the whole document 

-/- 


L4-8.14 


1.8 


1.3 


Further documents are listed in the contirujation of box C. 


Patent family members are listed in annex. 


" Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"6" earlier document but published on or after the international 
filing date 

"L" document which may throw doid>ts on priority claim(3) or 
wNch la cited to establish the publication dale of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhftiHion or 
other means 

"P" document published prior to the international filing dale but 
later than the priority date claimed 


T" later document published after ihe intemationat filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory undenymg the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step wtien the document is taken alone 

"Y" document of particular relevance: the claimed invention 

cannot be corisidered to involve an inventive step when the 
document is combined with one or mora other such docu- 
ments, such corT±>ination being obvious to a person skilled 
in the art. 

'&' document member of the same patent family 


Date of the actual completion of the Internationa) search 


2 November 1999 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patenllaan 2 
f^L-2280 HV Ritswiik 
Tel. (-h31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Form F^/1SA/210 (second sheet) (July t992) 


Date of mailing of the international search report 


15/11/1999 


Authorized officer 


De La Morlnerle, B 


page 1 of 2 


INTERNATIONAL SEARCH REPORT 


Inter- lUonal Apptication No 

PL. /us 99/14644 


C.(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 

Category ' 

Citation of document, with indicatjon,wt)er» appropriate, of the relevant passages 

ReJevant to claim No. 

A 

US 5 186 831 A (DEPETRIS ROBERT) 
16 February 1993 (1993-02-16) 
the whole document 

A 

A 

WO 97 37757 A (KIHBERLY CLARK CO) 
16 October 1997 (1997-10-16) 
cited In the application 


A 

US 5 051 182 A (WANG YING ET AL) 
24 September 1991 (1991-09-24) 


A 

WO 94 03249 A (AKZO NV ;BUIJTENHUIJS 
FREDERIK ALBERT (NL); PRAGT JOHANNE JOSEF 
(N) 17 February 1994 (1994-02-17) 


A 

US 3 556 301 A (SMITH MILLARD F) 
19 January 1971 (1971-01-19) 


A 

US 3 406 831 A (BUSH JOHN H ET AL) 
22 October 1968 (1968-10-22) 



Form PCT/ISA^io (cortnnuatjon of second sheet) (Jiiy 1992) 


page 2 of 


2 


INTERNATIONAL SEARCH REPORT 

tnf onnatton on patent family members 


Inte- ^tional Application No 

PC I /US 99/14644 


Patent ctocument 


Publication 

Patent family 

Publication 

cited in search report 


date 

meniber(s) 

date 


A 

n 


NONE 




A 

^51-UI*lyyb 

NONE 



US 4172039 

A 

23-10-1979 

JP 

51105990 A 

20-09-1976 




JP 

51151861 A 

27-12-1976 




JP 

976169 C 

30-10-1979 




JP 

52012688 A 

31-01-1977 




JP 

54008636 8 

17-04-1979 




JP 

52053788 A 

30-04-1977 




GB 

1543836 A 

11-04-1979 




HY 

2681 A 

31-12-1981 

lie AnC7AQQ 

A 

08-11-1977 

TP 
r K 

^loUol^U A 

— 

01-10-1976 




CA 

1069832 A 

15-01-1980 




nr 
ut 

^ouy^jb A 

ID uy ly/o 




ES 

445825 A 

01-06-1977 




GB 

1519693 A 





TT 
1 1 

lUb/OoU D 

30-03-1982 




JP 

1241943 C 

26-11-1984 




ID 






JP 

59020396 B 

12-05-1984 




NL 

7602368 A 

nft—no-i Q7fi 
uo uy ly /D 




PT 

64864 A,B 

01-04-1976 


A 

A 

16-02-1993 

NONE 



wu y/i//b/ 

A 

16-10-1997 



US 

5834385 A 

10-11-1998 




AU 

2591697 A 

29-10-1997 

( ic cnc 1 1 o o 
Uo bUblloZ 

A 

24-09-1991 

CA 

2027114 A 

07-04-1991 

WO 9403249 

A 

17-02-1994 

AT 

145150 T 

15-11-1996 




AU 

4704493 A 

uo I/O lyyH 




DE 

69305990 D 

19-12-1996 




DE 

69305990 T 

15-05-1997 




DK 

653950 T 

10-03-1997 




EP 

0653950 A 

24-05-1995 




ES 

2096317 T 

01-03-1997 




JP 

7509654 T 

26-10-1995 

US 3556301 

A 

19-01-1971 

GB 

1321860 A 

04-07-1973 

US 3406831 

A 

22-10-1968 

NONE 




Form PCT/lSA/210 (patent fanrtfy annex) (July t992) 


